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SUMMAL £ 


In the design of the Vertical Veolonity Meter a survoe) was Pires 
conducted of the exiuting methous vowed to measure the vertical velocity, 
Of an airalune when landing. A study weco then mede of treas mothods 
and of other unsuccessful attempts to design a Vertical Velocity Meter 
to determine just why they wore not satiefuctory and in what way toss 
might be improved. 

It was decided tc develop 2 dusien alcag an entirely diifsrent 
prinoiple than any used before tut yot must be one having basic 
simplicity. The one selected was based on tne formula of velocity 
being cquol to a distance divided by thy time it took to travel 
that distance. To accowplish tunis a device was cosigned ibe: con- 
sisted of two rods of aifferent length which would strike the grouna 
when thy plane was landing, thus if thse difference in length and the 
time between the striking of tho two rodu ia kmown, the velocity at 
that moment would de determined. 

Since it was impracticable to test this device on an airplane, 

a testing machine was constructed which would test both the strongt): 
of the rods and various timing methods. This machine concistsd of a 
wedge mounted on tno end of a whirling arm which would atrike the 
rods and simnlate the inpact received during the landing orf an 
airplane. Two timing wethods were tried; s Miller Oscillogrenh with 
built in recorder, anc a Cathode-Ray Oscilloscope with a camera to 


recora the trace. 


INTRODUCTION 


Airplane manufactursrs and cperatore have desired, for many 




















years, to be able to mexsure accurately the vertical impact velocity 
of lanéing aircraft in orcer to know more accuratsly the landing loads 
imposed and thus design the niciaili and landing mechanism en 
It is the purpose of this thesis to present a method of determining 
this true verticel volocity of an airplane as it contacts the ground 
whoa landing. 

Many methods, devices and instruments have been considered for 
the Gstermination of the sinking speed of an airplane at the instant 
of landing. The extent of investigations of the practicability of ail 
of thess means is not mown. Three methods have been used with varying 
Gegrees of success. Two of these methods are photographic, utilizing | 
motion picture cameras on the ground. The other method used a sensitive 
accelerometer to measure the vertical accelerations up to the time that 
the wheels contact thé ground. 

The imoortant foatures of the pnotogranhic mothods are as follows: 

1. Fixed Camera Method - This method was developed by the 
Structural Dynamics Section of the Aero 8tructures Laboratory of the 
Naval Air Experimental Station for use on landing tests. One or more 
Mitchell 35 mm motion picture cameras are used depending upon the area 
in which touchdown is anticipated and how extensive a study of the 
action subsequent to initial contact is to be wade. Special framing 
masks aré used in the cameras to indicate reference planes, normal and 
parallel to the deck and intersecting at the optical axis of the camera 


lens. The cameras ary leveled visually with the aid of stadia rods. 


Pictures of the stadia rods arc taken to provides recorus for ccrrection 
of @rrores in en lovel and to establich the height orf the horizontal 
yoterence plano above theo duck. 

One cameré is located approximately 100 fest t'rom tne most probable 
point of touchdown anc another approximately 250 feet fron this point. 
Both cameras are placed 50 to €O fuset from the runway centerline. The 
cameras are adjusted in include a reasonable portion of the landing 
aporoach as-wWell as contact so that a study of the approach can bv made. 

Tic cameras are operated at a apeed of 100 framea/second tut since 
the cumera speed cannot be relied upon for an accurate tims rucord, a 
precision timer with 0.01 seconds divisions of the dial is included in 
the ficld of view of each camera. The cameras are remote-controlled 
for safety of. personnel. 

Film analysis ise done on @ Kecordak Reader using image size to 
actual object size (such as wheels, wing span, etc.) relationships to 
determine the height of the airplane above the horizontal reference plane. 
The space-time curve thus obtained is difrerentiated to obtain a sinking 
speed-tims curve. 

2. Panned (Rotating) Camera Method - This method was developed by 
the Grumman Aircraft Engincering Corporation for use on landing tests 
for the Navy. The method employs an external wire grid with » 16 mm 
movable camera photographing the airplanes through this grid. The camera 
is pivoted both vertically and horizontally about one of the ine? points 
of the camera lens system to eliminate errors from camera rotation. 

The grid and camera are located tc one side of the anticipated 


landing area at distances up to 500 fest for field tests and on the deck 


edso for carriur testa. The vertical and horizontal spacing of the 
















grid wires and the distenco of the camera from tis grid aro verliw to 
mget the test reguirements and upace limitations. 

The spacc-time curve is determined by use of similar right triangle 
relationships, as the distancs from the caucre to the grid is kmow and 
distance of the airplane from the camera can be found by use of lens 
formulae. Tue time record is based on the film speed of 20 frames / 
second ag the camera is driven by a constant speed motor. 

Both of the above have proved to be the most satisfactory methots 
available for field and carrier landing tests. However, the amount -” 
equipment required 1s rather extensive which reduces the flexibility 
of both methods. Careful set up of apparatus for both methods is 
essential for accuracy. Adverse lighting conditions may reduce the 
quality of the pictures to the point where the accuracy of the methods 
are seriously affected. Prolonged landing teats of the Lockhiesod PeV 
were made by the Lockheed Engineering Corporation, using a method 
Simiiar to the second one described above, In these tests it ree 
_apparont that to obtain any reasonable degree of accuracy, a steady rate 
of descent must be maintained for quite a distance before contacting the 
ground. Neither of the above methods can be reliably used where a 
sudden change in sinking spewd is affected Just before contact, such aS. 
a full stall drop landing or a flare at the last of the landing. 

Sensitive acceleronsters have been used by several aircraft 
manufacturers to determine sinking speed during landing tests. How 


successful this means was is not imown, as no reports of the results 


have been received. However, it is under stood that the response of 


chose senuitive inatruments to vibrations and to local accelerations, 
resulting from the flexibility cf the airplans structure, wey yprouuce 
crretic records, 

The other methods which have been considered generally by the 
industry and specifically by MATS are us followe: 

1. RADAR . 

(a) Ground Tracking - Rujected because the instantaneous 
range I\s not sufficiently accurate and ground reflection interference 
would produce further errors, 

(b) Airborne - Rujected because present equinment ia not 
capable of measuring the small distances involved and the develovment 
vine of such equipment of usable sizo and wolght would have been too 
long for use on present landing tesia. 

2. ALTIMETERS 

(a) Sensitive Aneroid - Re Jectad. because of insufficient 
sensitivity and the instrument lag which would produce serioua errors. 

(bd) Radio - Rejected for the ey oe . Airborne Radar. 

(c) Super-Sonic - Rejected because no euch equipment was known 
to be avallable and development time would have been prohibitive. 

3. PHOTO-THZODOLITE 

(a) This instrument has not been tried becavse none have been 
available to the NAES, It is not known whether any other organization 
has used this methed. : 

4, MECHANICAL DEVICES 

(a) Det iben such aa tulescoving rods, extremely flexible 

cantilever beams, etc., projecting below the landing gear were not 


considerea practical as the rebond of such mechanisms on 6triking the 














ground would produce erratic records eveabaens an large errors. 
5, ANOTHER PHOTOGRAPHIC METHOD 
(2) One othsr photographic nathod has been considered but 
not fully investigated. This mathod used a fined constait speed motion 


picture camera located 20 to 30 feet above ths ground ani te the side of 


the flight path. A reference plane parallel to the ground at the height 
of the camera is indicatec on the film by a line crawa throug; the 
yaniching points of the images of narallel Lines on tro ground. The 


chief edvantage of thic method over the other photographic mothods is 


the reduction in quantity of equipment required. 


Many airplane manufecturers nave conducted extensive drop tuste 
and other teste and then attempted to correlate this data to thu 
airplane contact velocity. An excellent examplo of this is found in 
Lockheed Aircraft Corporation's Revyort No. 5557, Addendum 1. The 
object, procedure and surmary of this report are given here to illus- 
trate the need for a device that will accuratel; determine the vertical 


velocity of the airplane at the moment of contact. 


LOCKHEED REPORT NO. 5557 ADDENDUM 1 
Ob ject 
The purpose of the series of landing tests described in this 
report was to obtain etewi wenth for determining the perfcormence of 
tho main land ing gear shock strute. | 
Measurements of landing gear leeds, shock strut deflection, vertical 
acceleration at each main gear, and airplane contact velocit, wore wade 
to determine if there was any correlation betweon theee fectors and 
also if there was any correlation between measurements made during 
actual landings and those obtained in drop tests. In an uttemot to 
eliminate the offect of various pilot teahntques tae landings were made 
with no flere, that is, a certain rate of descent wes set ud sid that 
rate maintained rignt tnto ths ground, 
Procedure 
Landing gear loads were obtained by meanuring the loads in the 
drag and side atruts and calculating the cear loads required to produce 
the measured ctrut loads, The drag erd vertical loads vere assumed to 
be half compressed. 


A positive load is to the left for a side load, up for e vertical 


eS 
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load, - aft for a drag load. The geer loads are resolved into load 
planes parallel and per pend ieriar to the ground. with the airplane — 
its static position. (F.R.L. tipped back 24 degrees to the ground 
line), 

During each landing, measurements were taken of the side and drag , 
strut loads, strut position, both wheel RPM's on the left goar, and the 
vertical —— at both gecrs. The location 6f the acceleromet 


is shown in the sketch below. ’ 





Wheel RPM measurements were made with small D.C. generators geared ; 

directly to the wheel. Accelorations were measured with strain gau ze . 
oil damped, beam-type accelerometers and shock strut position was 
nessured with slidewire resistance bridges. The rate of descent of the 
airplane was measured photographically teing the landing and take - oF f & 


‘ All measurements except rate of deacent were recorded with a Mille 
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recording oscillograph. The output of the strain gauge bridges was 
connected directly to the oscillograph galvanometers without inter- 
mediate amplifiers. A bad feature of the landing measurements results 
from the fact that tho oscillograph was not shock mounted and the trace 
deflections were effected by acceleration loads on the elements. This | 
effected the accuracy of the gear load and acceleration measurements 

but did not affect the strut position measurements since these elements 
wore of the high frequency typo which are little affected by acceleration. 
The acceleration affects probably tended to make the load measurements 


greater. The estimated accuracy of the loads ia + 20%. 


¢ 
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mi Summary 

Preliminary measurements of main landing gear performance were made 
on Model 49, Serial 1961. 

Although the data obtained is insufficient and somewhat inaceurate, 
certain trends are indicated as listed below: | 

1. There was some correlation between measurements obtained during 
actual landings and drop tests. The major difference between the two 
conditions is the effect of wing lift. 

2. The results indicate that the effect of wing lift decreases with 
increase in severity of landing. The data is insufficient for evaluating 
the relaticnshio. 

3. For a given contact velocity the vertical accelerations measured 
during an sent landing were greater than those obtained during drop 
tests. The measured gear vertical load is a Funct loll of the incremental 
acceleration but the increase in load wat a of acceleration ice greater 


than that calculated (A P = ce x “he)« 
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. 4h, The shock strut deflection for a limit condition landing ry 
would be approximately 11 to 13 inches as compared with a deflection 
of 16 inches obtained for similar conditions during drop teste. 

5. There was no.shock strut movement gnile taxiing at medium | 


speeds on the taxi strips at Lockheed Air Terminal. 
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Information from all sources indicates that THERE IS A DEFINITE 
WEED FOR A COMPACT DEVICE FOR INDICATION OR RECORDING SINKING SPEED 
OF AN AIRPLANE IN LANDING AND IT IS DESIRABLE THAT THIS BE THE SINKING 
SPEZD OF THE AIRPLANE WHEELS. 

In view of the above it wes decided that an entirely new principle 
should be found to measure this velocity. One method considered wes a 
variation of the accelerometer method described above, This was to 
measure the deceleration of the plane after contact with the ground and 
integrate the area under the accoleration-tine curve to give the change in 
WaF¥leul: Felocity and. thus the initial velocity at time of contact. This 
method was discarded because of the same reasons ac the original aceel- 
erometer method. 

The method finally selected for design wes a mechanical one, 
though somewhat of a deviation of the ones previously considered and — 
| bveurives above. This consists of a device having a patate of fingers 

or rods pointing downward, the lower ends of which are spaced a know 
distance above each other. The julveeide of impact is then obtained 
directly by medeur ing the time differential of the rods striking the 
ground. 

Basically this device may be divided into two main components, 
namely: the finger attaching and arresting mechanicom which mey be 
fastened to either or both of the main lending gears and to the nose or 
tail gear as the case may be; and the time measuring and recording device, 


Both are described and discussed in the following pages. 


00 


airplane landing, rebound both from the impact of forward motion and 


py any such rebound. 























DISCUSSION GF PROBLEMS AFFECTING ANY MECHANICAL 
DEVICE THAT COULD BE USED TO CONTACT THE 


GROUND FROM A LANDING AIRPLANE 


Any type of telescoping roi or a rod placed as a cantilever bean 


and fastened to the airplane will, upon striking the ground due to the 


from vertical motion, The amount of damping that would be required to 
eliminate this rebound wauld be prohibitive for use on any reasonable 
sized rod or device. Therefore, it is apparent that if such a mech- 
anical device is to be used in measuring the sinking speed of an 
airplane at the time of touchdown, it must of necessity be unaffected 

Another factor which must be considered tz that of the unevenness: 
of ruaways, both as to gontle up and down slopes end to small roughnesse 
or irregularities. ‘In considering the slope of the runway, it is well 
ask juat whet is required in the measurement of sinking epeed; the spee 
relative €o the true horizontal plane or the spsecd of approach to the 
ground. ‘Since -it ia the lupact that is deoired, it is, therefore, the 
normal speed of approach to the ground that is desired and auy mechanic 
device will, cof neeounit;, be dependent upon this latter approach speed. 
In regeré to the small surface irregularities, the only way to use a 
mschanical device and not introduce large errors because of these 
irregaularitios is to take some form of an average reading. 

A third problem to be investigated or disoussed is that of tho ang. 


cf attack of the airplane at the instant of touchdown when the measur enent 


would bo made. It seems reaconabls to expect that for any series of 


~ ll - 





landings, the angle cf attack of tho airplane at touchdown can be 
predicted within plus or minus five degrees of ths actual value. 
Since the cosine of five degrees ic 0.99619, the possible error 
erising from this factor would only be of the order of 0.uG4 

It was primarily the first two factors that dictated the basic 
design of the device — used in meacuring the vertical velocity at 
landing. To oliminate the first factor of rebound, it was decided to 
use a rod and to measure its initial contact with the ground. To provide 
@ measure of the sinking speed, 1t was then necessary to provide a 
second similar rod but spaced slighti; above the first rod and then 
measure tho time differential of the rods striking the ground, The 
second factor of irregularities in the runway prompted the use of more 
than two rods in order to obtain an average value by measuring the time 
between any two consecutive rods. 

Having ae¥ihed apch the besic system, many new problems arose. One 
of the —_ important of these was the question of how much impact the 
rods vill stand without taking a permanent deformation, No direct answer 
to this problem conld be found in literature so a theoretical enalysis 
was mede which, although not providing the final answer, provided 
information which would be of help in the tests of the rod strength. 
This thecretical analysis ie presented as a supplement to this report. 

Another problem which can not be completely solved, except as regarde 
a particular type of plane or landing, ie the problem of arresting the 
rod after the impact of Sanihe. If the rod were spring loaded in the 
down position at all times, it voulé be worn off at the ond and thus 


cause inaccuracies in the time measurements. If a cocking syotem is used 
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with which the rod can be placed in the extended positicn after take-off 


and before the landing and which will let the rod "ride high” 





landing: then some thought must be given to the possibility of a second 
or multiple contact with the ground on one approach. 

The latter would be sspecially true in carrier landings of airplenes 
equipped with tricycle gear in which the bounce landing may be much 
nahn * than the ee contact, especially on the nose gear. A - 
sugesation as to the anawer to this problem ‘= aels later in the ¢ 
of the design to de used on’ an average cirplane. 

- final major problem, regarding the rods, is the eaeroiyn 
effect of the airstream both from the vibration and the deflection vial 
point. fhe answer to this was found in the NACA Technical Note No. 
from which the rag coefficient to be used in calculations and the r 


spocing was obtained. 
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AERODYNAMIC CONSIDERATIONS OF THE RODG 


The determination of the drag covfficient t» be used In the 
calculations of rod aize, deflevtione and forces wus made from NACA 
Pechnical Report No. 46a. 

By interpolation for rods between 9.20 and 0.50 inahes in diameter, 
the drag coefficient is selected as 1.20 for a Single rod. Ths results 
of the Report indicete that to hold dom vibration and to keep the 
interference drag as low as possible, the rod spacing should te at least | 
three diameters between centerlines. For three diameters spacing, the 
interference dreg coefficient is 0.15. Therefore, the totul drag 
coefficient to be used with each of the roda, azsuming more than two, 

i .w2e. | | 
The drag, D, of each rod is then 1.35 q aL 
whers q is the dynamic prusaure 
| d 4s the diameter of the rod 
L is the length of the rod 
or we can say that D/L =1.35 q 4 

We may arbitrarily specify that for 120 moh the maximum deflection 
at the end of the rod should be held to 0.10 inches or leso in the 
transverse direction, Then the drag per unit length, D/L =0.345 a 

The ceflection at the end cf the rod, acting as a cantilever bean, 
is given by | 

6 = (D/L)(L*/SBI) 
whore r= wet/6y for a solid rod and nearly'so for a thiok welled tube. 
For the longest rod selected, wnaieh ia 20 inches and gives an L of 


15 inches exclusive of the rod holder which will rave a negligible 


~ bt « 
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Por the tubular rod this dimension gust be increased slightly, s 


@ volute spring producing a moment of at least 41 inch pounde ahould 





deflection, the diametor necessary to hold the deflection within the i 














limit will be given by , oe _ 
2 


d= (0.001278 = 0.246 inches 





ahould use either a one-quarter inch or a 9/32 inch diameter rod. 

We might also arbitrarily say thet exe should be held in the 
extended position up to an airspeed of 180 mph, though not necessarily 
hol dtae within the above end derlection limit. Using the wore ae 


coefficient and a rod dtaneter of 9/32 of an inch, the drag per unit 

length, D/L is 0.218 ¢#/in. The moment about, the supported upper end 

1s — 7 | ; 
M= (0.218)(15)(12.5) =41 inch adinels 


To hold the rod .in the extended position under the above moment, 


be placed at the upper end of the rods or a helical spring producing a 
. 
force of 20.5 pounds at an effective moment arm of two inches can be 


used either directly or under mechanical advantage. 


STRENGTH CONSILEMATIONS OF THE RODE 


Since the calculations for the required strength of the rods 
is very involved and is presented in the supplement, only the 
interpreted results and specified materials are given here. 

The rosulta indicated that the highest strength material avail- 
able should be used. Also considering the corrosion problem, the 
material specified is a chrome-vanedium steel, SAE 6245 to 6150, heat 
treated to a tenoile yield strength of as near 300,000 psi as practica- 
vle. The results of the supplement also iphdiats that a tubuler rod 
should be used. However, from the standpoint of local buckling 
strength and local impact atrength, the walls should be relatively 


thick. 
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DISCUSSION OF THE TIME MEASUREMENTS 






















Since it will be necessary to measure the time increment between 
the various length rods striking the ground, it 4s will to consider 
just what the order of waghteull of that time is. The aviation 
industry in conjunction with the operators have established a free 
drop height for the airplane to give a vertical vslocity equivalent 
to the highest sncountered in an actual landing. For most airplanes, 
exclusive of fighters, the equivalent drop height has been set at 
42 inches. For fighter type aircraft the height is generally set at 
48 inches. However, due to recent feil¥ees of the landing gear 
particularly those of the tricycle type during carrier landings, it ie 
indicated that $he. equiretert drop height. should be closer to 60 inches. 

The free body drop height is equivalent to atout T5h of the alir- 
plane drop height due to the air effect on the wings, itc. Therefore, 
we bay assume that the highest speed that the equipment will be requiret 
to measure will be that equivalent to an airplane drop height of 60 
inches or a free body drop of .48 inchea. The velocity resulting from 
& freé drop from 48 inches is | 

| v= Veg@n = 192.5 in/sec 

and the time necessary to drop one inch (the selected vertical distance 
between the rods) is | 
t =0.0052 seconds 

Therefore, if it is desired to hold the error of the time measure- 
ment below 2%, it will be necessary to record the time to 0.0001 second 


From the Miller Osoillograph recording it is possible to read the time 
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to the nearest 0.0002 sdcond. If it tu ceouomed necessary for any 
series of landing tusgts, to hola the crror to less then 4% for the 
hardest landings, a nore accurate muthod of measuring und recording 
the tine must be used. 

One suggested mothod is the use of telometering equipment iu the 
airplane to send a pulse at the time of impact of each roc, these 
impulses to fire a cathodo-ray cecilloecope and the trace to be photc- 


graphed. 
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DESCRIPTION OF THE TESTING MACHINE USED FOR 
STRENGTH AND TIME CALIBRATION TESTS 


















From the theoretical analysis, it was apparent that tests must 
be made to determine if rode could be found or made that would not 
take a permanent set under the impact loadings reoasved when the 
airplane was landing. Thies loading would be dus to the resultant of 
the forverd and vertical components of velocity of the airplane. It 
is evident that the rods should not take a permanent set if they were 


to be used again or if the device was to be capable of measuring 


multiple contact landings. 

Calibration tests of the time measuring accuracy of the equipment 
ao also be made. Since it was impossible , in the time available, 
design and construct the device and actually make the tests on an air- 
plane, it was decided to make a single testing machine to do both the 
calibration and strength tests. By using a testing machine, the 
component parts could be tested as they were completed and thue many 
difficulties could be eliminated prior to the completion of the 


equipment. It was also thought thet a truer picture of the actual 


conditions could thus be obtained than in any other way. 7 


. 


Since only a limited space was available in which to set up the 
test machine, it was felt that some sort of a whirling device would be 
| . 


best. Thus, a machine was devised which consisted of an aluminum rear 
. 


the face of which was at the proper angle to give an average combinati 


ee 


on 
of forward and vertical velocity as might occur in an actual land ing. 
This wedge was placed at the end of a 36 inch arm which wee made to 


rotate at.the proper speed, it was desired to have a ver fable —, 
a 
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, motor to drive thie arm, but since none could be obtained, it was 


thought that the necessary speed increments could be obtained by 
using various pulley combinations. A rod assembly, using only two 
rods but otherwiass similar to one that could be used on the actual 
airplane, was then placed so that the rods would be hit by the wedge 
as it setus and thus very closely approximate the conditions that 
would occur in the actual airplanes landing. 

The entire rod assembly was made to rotate slightly at the proper 


time in relation to tho wedge rotation, by means of a spring and a 


eolenoid and thus rumain outside the orbit of the arm and wefige until 


the arm had attained its momentum. When the reading or test was ready 


to be made, a coil spring lever erm was raised into position; thie 
was struck by the wédge arm as it ae and threw a switch which 
energized the solonoid; this, in turn, pulled a pin which allowed the 
apring loaded roa essoubly toa swing into position, and the rods were 
etruck by the wedge as 1t completed its next revolution. Tne photo- 
graphs of the ¥oet “aachine end rod asseebly show these detaile, as do 
the drawings of the rod assembly as used in these teats. 

Figures I to VITI inclusive show the machine as used in the strength 
teste. 

Figures IX and X show the additions made to the tost nach ine for 
the calibration tests. Two micro switches were attached to the forward 
part of the rod assembly for the first tests. When the rods were in 
position, the rod holders held the switches closed, resulting in ea closed 
circuit; when the wedge struck the rods the switches were opened and the 


circuit was broken. This was to be the basis of measuring the time 
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incromont between the striking of the two rods. For the next svuries 


of teate the micro-ewltches wero modified to remain in the open position 














until the rods were struck at which time the cirouit Was closed, A 
third method was also tried using emall diameter insulated wires tied 
around the rods, this wire to be broken when the rods were struck, thus 
breaking or opening the cirouit. The actual measurements were to be 
recorded on a Miller Oscillograyh ; an alternate method of measuring 
the time increment was to use a cathode-ray oscilloscope, the trace to 
be started when the ciret rod was struck and deflected when the wedge 


q 


struck the second rod. A set time scale dae superimposed on the trace 
by an oecillator and the entire picture recorded by a canora focused on 
the scope. 

To check these methods of measuring the time increment, the time | 
was first calculated analytically by measuring the arm length, the ; 
distance the wedge traveled in opcrating both switches or breaking _ 
both vires, ae the case might be, and the speed of the rotating arm by 
using a Strobotac. The time calibration tests would therefore determine 
whether or not these mothods were capable of measuring the small t! ° 
increments accurately enough to be awe for the determination of the 


sinking speed of the airplane. 


- @E L 





RESULTS OF STRENGTH TESTS ON THE RODS 


The epecified matorial being unobtainable, the tests were made 
using a plain carbon steel which was heat treated to fairly high 
allowable yeild stresses. 

Toste were first made wins one-quarter inch diameter solid rods, 
heat treated to between 120,000 and 140,000 psi yield strength. This 
material did not permanently deform at the low wedge epeed of 94.5 feet 
per second but did deform slightly at the high wedge speed of 153 feet 
adh SsbA No tests were made at intermediate speede to determine 
just where thie deformation would start. The amount of deformation 
for each impact was of the order of one-sixteenth of an inch for a 
twenty inch rod length. 

The next tests were made using 9/32 inch diameter drill rod heat 
treated to an estimated yield of between 220,000 and 250,000 pai. (This 
estimate was based on a Rockwell C hardness tost). Repeated tests were 
made at a wedge speed of 153 feet per Second , using the slant face of 
the wedge, and after five impacts the deformation could barely be 
discerned. No further deformation was measurable after twenty-fivo 
edditional impacte. A final test was wade with one of these same rods, 
using the flat or butt ond of the wedge, at a speed of 153 feet per 
second. AS a result of this test a deformation of approximately 3/32 
of an inch wae measured for the twenty inch rod. However, it is 
extremely unlikely that any such impact would occur in an actual landing, 
and if wank was encountered, the rod could be considered expendeble. 

The results from the above described tests indicate that solid rods 
can be used if the yield atrength exceéds 250,000 psi. However, it is 
recommended, for continued use of the same rods, that they should be 


hollow and have a yield strength of over 250,000 pei. 


2. 


RESULTS OF TIME CALIBRATION TESTS 


Since it was impossible to obtain and assemble all of the time 
calibration test equipment unt a very late date, sufficient time 
was ea available to satisfactorily complete the time oalibration teste 
due to the unavailability of now equipment found necessary after 
preliminary tests were conducted. However, enough additional teste 
were made, using makeshift equinment, to establish trends and to also 
determine the type of switches and eircuite necessary to make the 
time measuremonts that would be required in the actual airplans landing 
tests. It must also be noted here, that the calibration tests were not 
primarily to test the accuracy of the overall design, since this would 
of necessity have to be done on the actual airplane installation, but 
rather to develop the time measuring and robceabal technique, At firet 
it was not anticipated that trouble would be experienced with the 
switches oince high quelity micro-switches were used, though this later 
betes to be the cause of moet of our trouble. 

The wedge speed and shape, in relation to the length increment of 
the rods, was adjusted to give a shorter increment of time than ‘was 
expected to occur in the actual installation. After the first tests 
were made it was apparent that the micro-switches, which hed flat 
contact naitin, were not holding a definite contact in the closed position 
in the instant just before the rods were struck by the wedge; this 
“chattering” was caused by vibrations set up when the rod aspenbly 
snapped into position. Considerable time and effart was spent trying 
to remedy this trouble and it was finally decided that the points hed a 
relative sliding action which caused the breaks in the clrouit. However, 


some improvement was made in their action and it was decided to. continue 
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the tests using the same switches since «a dvutter type could not be 
imacdiately obtained. | 

The first testa were recorded on a Miller Oscillogranh, see test 
Nos. 4, 5, and 6. Additional tests wero made on a Cathode-Ray 
éyei Ti cseope but results could not be determined, due to excessive 
chatter in the circuit, and were not recorded, The recorded tests 
on the Miller Oscillograph were analyzed and the timo increment 
determined. However, it is doubtful if the time could have beon 
measured if the characteristics ‘of the switches had not been mown 
or if the time increments had varied widely. 

It was thought that if an open circuit was used which would be 
closed when the wedge struck the rod, the pre-impact chatter would be 
avoided and though it was realized that chatter would occur after the 
switch closed, it was thought that the first contact could be recorded 
and measured . Therefore, the micro-switches wore modified to operate 
in this shrew: and Test Nos. 7 to 12 inclusive were then made using 
the Miller Osetilogrash to record the time. The results of these teats 
were Saipliveoly unreliable since the first point of the switch closing 
could not be determined. Teste were then made using the Cathode-Ray 
Oscilloscope for time meahuring and recording. The first of these 
tests, Test Ncs. 1 to 6, were unreliable but after changing the 
oscillascope setting and using a higher frequency time scale, tt Was 
quite eaey to measure the time of the first point of ewitch contact. 

A 1iee2 oscilloscope photograph is shown in Figure XIV which ise made 
of Test No. 15. These results apoeared quite reliable. 

All of the — indicate that the recorded time is, in 


general, higher than the analytically calculated time and furthers the 





recordings of tests using each of the above described circuits. 


suspicion that tho wedge moves slightly downwarée between the time 


.OF hitting the first and second rod. fol 





It was then definitely decided, that further tests were fruitless 











from a time calibration etandpoint unless the rotating arm end wedge 
were modified to hold the wedges deflection to a oh Lee veluoe or, 
preferably, to eliminate it entirely; however, tests ahovld be continued 
to deyclop a Setisfactory circuit from which the time could be readily 
measured and recorded with the Millor Oscilloscope, f 
in unsuccessful effort was made to locate a.enay action switch 

having a knifo switch type of point or any other type of switch that 
would be free from chatter due to vibration. As a last resort a circuit 
was made using an insulated wire looped around each of the rods and wh 
would be broken as each of the rods was hit by the wedge. This method 
could be used, in principle, on the actual airplane where. only one 
duainat with the ground is to be mado for a given landing. 


. ¢ 
This method is not recommended but docs give a very accurate ri 


an 
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on the Miller Oscillograph, Figures Nos. XI, XII and XIII show typica 










Teot | Oscillator 
Ro. | Frequency 


Type 


Gizcult 


CALIBRATION TESTS USING THE CATHODE-KAY OSCILLOSCOPE 
Recorded* | Calibrated 
Tine — 2 ime 


Romarks 
__ (seconds) | | (weconds) | 


Open Switch 0.00277 It 18 believed 


Oven Switch that 2000 
Open Switch 
Open Switoh 0.00277 | low a setting 
2000 Open Switch 0.00277 


Open Switch 0. 


Open Switch 0. 
Open Switch 0. 
Open Switch 0.00@77 
Open Gvitet 
Open Switch 0 0217 ; 
Open Switch ——— 0.002877 - 
Open Switoh = 6 ,002(7 ~~ 
Open Switch 0.00277 
Open. Switch 0.00277 
Open Switoh 0.00277 


* Tests marked “No Results", were failures because of either solenoid 
timing error or because of an incomplete circuit and were no fault 
of the equipment. 
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CALIBRATION TESTS USING THE MOLLER OSCILLOGRAPH 















Test Type Recorded* |Calculated 
To. Circuit Time Remarks 
(seconds) 




















0 | 0.00251 Results hard to read 
eae 0.0025 in micro-switoh 
ee oe 
ere oe 
[oom se [ost [ao 
Closed Wire Wire {No No Resulte 0.00292 


Closed Wire 0.0033 0.00292 
re Closed Wire 90,0034 0.0029 
Closed Wire 0.0035 sl 0092 


* Tests marked "No Results", were failures because of either solenoid 
timing error or because of an imcomplete circuit and were no 
of the equipment. 
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CONCLUS IONS 


It igs indicated that the basic design, as vresented in the 
feblowing section, is usable as a method of measurins the vortical 
velocity of an airplane at the moment of contact with the ground. 

The rods, whieh contact the ground, should be tubuler and of a 
high strength alloy steel, It is unlikely that any trouble will be 
experienced from permanent deformation of the rods provided they are 
hoat ereatad to a tensile yield strength of over 250,000 psi. 

‘Results indicate that the tine lag of the switches end, in general, 
ang overall time calibration test of the equisments efter instellation 
on the airplane» should be made by drop test » some other suitable 
on ther | ' 

if further time calibration tests are to bo made, using the 
existing or similar simlated test equipment, it is sugrested that a 


stepped wedge, instead of the slanting-facé wedge, should be used 


to 6liminate the wedge deflection error. See sketch below. 


Present Wedge . Suggested Wedge 


Further tests could well be made:on the strongth analysis of the 
rods under impact, using various size and shape rods and various 
rod lengths. ‘The problem of rods under impact loading is very in- 


volved and although a considerable knowledge of their action was 


aha 













- 
gained in conducting the foregoing tests, there is a great deal more 








information to be gained by a more thorough investigation of that 





7 
problem alone. It is then likely that the strength oriteria, as set 


forth in this report, oould be modified to some extent. 


- 29° 








BASIC DESIGN OF THE BQUIPWENT WCESSARY TO MASUR THA 
SINKING SPEED OF AN AVERAGE SIZED AIRPLANE 

The conclusions from the strength and calibration tests indicate 
that the following basic design of the device, for use on an average 
Bized airplane, can be expected to give good resulte: 

The rod assembly should consist of six tubular rods mounted on 
@ common axis in the manner of the two used in the strength and oali- 
bration tests. It is suggested that the rods be of chrome-vanadium 
steel, SAE.6145 to 6160, heated treated to at least 250,000 peli 
yield strength, The outside diameter should be 9/32 of an inch and 
the inside diameter should be 5/32 of an inch. The entire box or 
‘road assembly should be mounted on the axle alongside the airplane 
wheel - that the bottom of the box is just above the flat tire ground 
line of the wheel. It should be mounted so thet the rods, when in 
their extended position, make an angle of sixty degreos with the fore 
and aft axis of the airplane, That ie, the rods slant rearward 
thirty degrees from the vertical, Tho rods should slant thus so that 
when the airplane is at its nighest angle of attack there will be 
no component of relative velocity to the ground in the upward direction 
along the rod. Phe thirty dogree slant is arrived at by assuming 
the highest angle of attack of the airplane will be sixteen degrees 
upon contacting the aetna and that the highest vertical to forward 
velocity ratio will be 1 to 4. If either differa materially in the 
actual oase, the angle oan be changed accordingly. 

The _ should vary in length by increments of not less than 


one inch, the shortest being just long enough to touch the ground 


<3 0 


‘until such time as the final contact is made. In that case the rod 


line of the undeflected tire when the airplane is in its expected 
landing attitude. The actual distance between the ends of the rods 


should be measured when they are instelled, this measurement to be 

















made along a line perpendicular to the ground line of the plano in 
its expected touchdown attitude. 

Eaoh rod should be held in the extended oeaiiae oli by a volute 
spring which developes a moment of 44 inch pounds, Each rod should 
be equipped with o Patcnes to hold it. in the retracted position 
unless released by the pilot or cperetor. Tha ‘the rods — be 
left rm the retracted position during take-off to avoid wear on the 
rods. Where only one ground contact will be made during the landing, 
the ratchet can bo left engeged and thus catch and hold the rod in 
the retracted positim after the contact. indole, af more than one 
contact i8 expected during the landing due to a bounce, and it is 


desired to measure each one, then the ratchet may be left disengaged 


will not se ontient in the extreme retracted position but will be 
pushed by the up and down motion of. the plane into a position to clear 
the grounde most of the tine. : 

A snap action knife switch for each rod should be used in place 
of the micro switches used in the calibration tests, the switch to 
remain open when the rod is in the extreme extended position and to 
close when the rod leaves this oesition. These switches should be 
very positive and fast sctlinbs 

A cirovit through each of these switches should be connected 


to one channel of a Miller Oscillograph, equipped with high frequency 
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elements. The Sscillograph should be set to run at its maxima 
speed. Thus the difference between the times when the various rods 
strike the ground and close the switches can be measured from the 
oscillograph record to about the nearest .0002 second. Since the 
actual hoight, in inches, — the ends of the rods is know, 
the vertioal velocity of the airplane can be obtained by dividing 
the heighth difference of the rods by tho time difference for the 
corresponding rods and then taking the average between the six rods 
to be the true vertical velocity of the airvlane relative to the 


ground line at the point of touchdown. 
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STRESS ANALYSIG OF RODS UNDE 


LATFRAL IMPACT 


Ro direct information coulc be obtained as to the magnitude of 
stresses of rods under impact. Therefore, the following analysis is 
, made, not as a solution to the very involved problem, but to be used aa 
an evaluation method for results that can be obtained experimentally, 
and as a method of more accurately determining the most desirable size, 
shape, and material of rod to withstand the forces of impact under 
consideration. 

Much of the analysis is taken from Chapter VIII of “Theory of 
Sound” by Lord Rayleigh, with the proper application to the problem at 
hand. This seemed to be the most basic material and as easily applicable 


as any material available. 


Equation of Motion and Solution Thereof: 
In general this analysis applies to a rod the section of which is 


symmetrical about a neutral axis perpendicular to tho plane of bending. 
The equation of motion, if we neglect the rotary moment of inertia of 


the cross-section, in the plane of bending of such a rod is 


4 2 | 
Reese 04 Fe 0 ba ce Ces bo rae 
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whore A = area of the cross section 
0 = density of the material 


We may assume the harmonic form of y ag, 


y =u sin (“2 n?t) Sa... oar. ee 


ee 












where k =radius of gyraticn of the crogs 
section 


b = VE/p =speed of tranomiseion of 
longitudinal waves 


L = Length of, the rod 


m = abstract number depending on the 
mode of vibration ’ 


Substituting in (1), we obtain 


du _ m* 
we 


the solution of Which is 
YX mx 


> eae 


vu =A cos(mx/L) + B sin(mx/L) + Ce Lb a (3) 
Fron the boundary conditions at the ends we can determine the ratio of 
A:B:C:D. Wo then have an equation from which we may solve for a serice 
of values of m, and the corresponding u is then determined except for 
a constant multiplier which in our case may be found by bringing in one 
more boundary condition, namely, the strength of the rod in bending. 

—_— (3) may be jog<tihe ae 

u = A cos(m/L) + B sin(mx/L) + E cosh(mx/L) + F sinh(m/L) 


e e e e e e e ( T 4 


from the relation of 
Tix 


_ mx 
cosh(mx /L)- = ke L + 6 ‘Ty 
mx 


a= 
sinh(mx/L) = He" — e ©) 


For the evaluation of the constants we need 


mx mx nix 
sa = =(— A..sin —'+ B cos La + £ sinh om + F cosh “—-) 


aos 





8 RB | 
Gye Dewan cos == ~ B cin = + 5 cosh SS + F cinn =) 
ax® L? du de 


3 3 4 
as ool sin = -B cos = + EB sinh 5 + F cosh =) 


Tre solution of the ocroblem of a rod one of whose end concitions 
can be represented as a nodal point of a rod of twice its length, can 
best be handled by considering the longer rod. Therefore, for the 
rod having one end free and the other simply sunported, we shall 
contitler the even modes of a rod free at both ends and having a nodal 
point in the center corresponding to the simply supported end of the 
shorter od, 

-For the case of the free rod, we have the boundary conditions 


at doth ends; 


at x 80 aw ss QO so ASE 


ae © 0 so B= F 
ax 





At x SL = 0 so A(-cos m + cosh m) + B(-sin m + 6inh m) =0 


—* * 0 so A(sin m + sinh m) + B(-cos m + 603 ©) 20 
ax 


Solving gives 

(cosh m - cos m)* ® sinh*a - sin@m 
but cosh®m - sinh®*n 2) 
60 (cos m)(cosh m) =1l 


This gives A:B as (-cos m +coah m):(-sin m - sinh n) 
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And now 
ul@_c { (ein m- sink n) (cos = + cosh =) - (cos m - coah n) 


(ein BE + stan HE ) | a | 


The solution of cos m cosh’m= 1 to a sufficient degree of 
accuracy may be solved by successive approximations. The values as 
given in Rayleigh are, | 
4.7300 


7 


7.8532 
mM, = 10 9956 
14.1371 


I 


3(2n +1) 17, n= an integer above 5 


ri 


fe can readily see that for the first mode and successive odd modes 
there is no nodal point at the center. Therefore, for our case of a 
simply supported rod, we need the value of m only for the even modes. 

By referring to equailich (5), we see thet there is a value of C 
for each mode. We need to determine the ratio of the C's to each 
other. We shall at this point introduce vuvcabinw for use with the 
Cts, u's, etc., these subscripts to refer to the mode under consider- 
atdon and correspond to those used with m as previously given. 
Assume ( ). corresponds to any general mode. 

The ratio of Co to C, etc. may be determined by a method analegous 


to one used in Rayleigh, sec. 168. The value of y may be written, 


sin(HO m@t) +... + Cut sin(<2 m® 


se 





where only the even Subscripts are veed denoting the nodal point in 
the center. And where u'= u/C, es given in equation (5). Initdally 
y = 0, for a roa initially at rost and excited by a sudden blow. Then 


y. = (ib /I*) (tBCoug + m,C),u), + ooet ) rare | 


Multiply (6) by wy, and integrate over the length of the rod. 


Then ie / Jo ui axe nm, 0, / (uw ax ce owes 


For a rod free at x = 0 


4 ¢ 
P J (wy dx a L {u, (Oo) 3* 
and calling J 3,2 Aax the whole momentum, Y, of the blow which for our 


case will be applied at x= 0; then 


> a BE, = Yp') 


deakte0=+. ee. 
“y EOpA m. « LEu(0) # (7a 


4Y1L 4 
ae 10) 


where x =0 oe 6 ee es ee 





C, u.(0) 
the ratio of we = ad 


Vp m., u (0) 


Equation (6) now becomes. 


a 





g Cou ut (0) 
$. = (kb/LF) GSu.,(0,) * ut. on 
° / { Mg guol ” m4 mut (0) 4 * 


ei Com us (0) 4 bt 
ey? 


= (i) { nC9u5(0) } n oa « ) oe 


where n = number of modes considered or excited, 


ae 





Tz the general term of u, 












i. = (kb /LF ) (ny ¥e(0) n | ~ ee ew ee 
we neea +26 value of Up (0) nG 2l3s0 the ratio of u(0) to up (9) for the 
evaluation of (9a) and Co Ke, rreeeded later. The equation or u as given 
in equation (5) is aimolified for mumerical calculation to the following 
form. (Rayleigh, sec. 177) ae 
u=C ive cos rv ain [mx/L- + w+(-21)" &) + sin Ee all 


aaa 
i 
- COs r TI cosk 9 \ 


where § is @& small angle whose value is given below. 
For our case r is always even valued. Therefore cos r 1=+1 and 
(-1)7= tA. Thus u may be further reduced and smell valued term 


neglected as follows: 


mx T mx TI . 
= = oS — a Cc O 3 a CN 


+ V2 (cos = cos - + sin _ sin Z) au b, 3am 5 e 


For up, 6 =2' 40" of arc and very much smaller for uy and above. 


Therefore, cos E =1 
sin ~ = ,0004 
(Yo ) 
sin i = 0 
ce) 
and sc to & very close degree of accuracy 
Mx q 
MpX m <a mex a 
oe oa Co {(sin — COs ——) = € + (cos “a + Sin , 


MoX | 
+ : 0 0 0 4 S - } ® ® e e e e e ( 10 ) 
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and uy = C.. Sinz - CO& A om - 6 : . - . ° e ° * (11) 


Therefore, 


U, (0) = C0 - 1-1 + .00Ok F .0004) = 1.9992 Co 


or nearly 2 Cr, 
and u,. (0) Se vo 


Equation (&) now becomes 


“2 x " or C.mB®cu® tant ._ (11a) 
ca ¢ a QD, Y 2. cons &4n 2 e e | e & 
r ae 


Bending Moment: 
From equation (10) and (11), 











a* y M5 2 - = — 
2 = 0,(—<) [~ sin = + cos = —e ~~ =» g0608 + ). eS 
ax? ook ris % 
a*u Mm, & — Ee 
r TIX nox bs 
oa =C.(—) I[- ae? st C ] 
Mp e ~ 
= Co(—) [- sin = + cos = — © =7 ea ee 
ni j 
Fron M, the bending moment, = EI Sak . ga ke, 
ax® 
2 
and letting R ® ee 
Em oR. 
7 & 
Cee gi | ses es «eee 





r Em ¢ Riay 


where Rigs i Max 


and from (9a) 


KD _¢ 
tee a 
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TABLE I 


Moments for Nods under Tmeact 


Bend ing 
(5) end uth 6th 
(1) (4) Mode | Mode | Mode 
(@) (7) 
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Where terms effecting the 4th decimal place are noglected. 
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where v = velocity imparted to tno end of the rod under the mogentun, 1. 


2 } 
then vein’ n 
max 


From table I, we see that & ae @ 1.512 for each mode of vibration. 
Therefore, if we consider that only the first even mode of vibration wes 
excited we would have from equation (15) that the greatest velocity that 
could be momentarily imparted to the free end of a rod simply supported 


at the other end and not cause permanent deformation, would bo given by 


ekba 2. | - kbo Kk, ¢& 
Vs EC Tiesiey 20565 EE = 16525 (She ee we es (26) 
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Special Considerations for More Than Cne Mode; 


‘In considering the case of more than one mode of vibration, we need 
to consider first the following items: 

1. Although each mode of vibration has one maximum value of R 
of + 1.5le and one or more other points along the length of the rod 


where {1.414| < |R| < 1.522] (the lower limit of 1.414 being obtained 


by the highest additive value of the sin — + cos = in the region 


nik 


wners e us 0), no two of these maximum values for the different modes 
occur at the same point (until the much higher ordor modos ara reached) 
along the length of the rod. Therefore, when considering two or more 


modes (n in equation 9a) R will be somewhat leso than 1.512 times n. 


Maz 
2. The period of each vibration varies as Aa (see equation 2) or 
we can say that the period, T, = K fn, To a sufficient degree of accuracy 
to illustrate the point to be made, m 4s equal to 47 (2n +1), and is 
accurate to the second decimal place in the first oven mode, accurate to 


the rifth place in the second even mode, and to at least the seventh 
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Cecimal place in the ilgner modes. Therofore, 
7 = eo ue 


mn’ [in(@®+1)} 


From this we can see that with respect to tine, the first condition 























that the various vibrations reinforce cach other in the maximun 
axount occurs when the first even mode has gone (2n + 1)° /4 = 25/4 = 6% 
cycles, tne . coming in because the maximum bending is reached on the 
first and third quarter points of each cycle. Tho second even mode will 
have gone 81/+ * 20: and the third ever mode 169/4 = 424 cycles etc., at 
this same time. Due to the inherent damping properties of all materiale 
the higher modes will be partly cr completely damped before they reach 
this first maximum reinforcing position. This will thus further re- 
duce the maximum R value as n ia increased, 

3. At this point it is perhaps proper to investigate just how mucel 
ws can increass n. In equation 7b it is assumed that x * 0 in the ter, 
ut (x) of equation 7a. However, the blow cennot be considered to act 
exactly at the end since due to the local deflection of the material the 
blow is effectively distributed over a portion of the end of the rod, 
probably to a distance of two or three diameters. As Ue is taken neare 
to a nodal point its value lessens and becomes zero at the nodal point. 
Sse equation (11). The higher the vibration the nesrer to the end is 
the nodal point. (For e rod having L/d ratio of 120, the nodal point 
occurs within 3 diametero from the end on the seventh even mode.) There- 
fore, equation (lla) which shows that C. te s Cy me = constant ia not 
strictly true expecially fox the higher vibration. If Cm, ig plotted 


egainst on, the curve will have somewhat the general shape. 
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We can get nearly the same results if we asoume that C.mé does not 
diminish gradually but is suddenly reduced to zero at some particular 
value of “n" as shown by the dashed lines in the figure. Then we can 

say that Cams = Cub = constant up to a certain values of n, and equation 


(92) will be valid, but n will have a finite value of probably about 6. 


Interpretations: 

From the preceding analysis, expeciully considering the final three 
paragrephs, we can mako the following cenclusions. 

a. Although we do not know the exact value of the mrnerical 
constant as givon in equation (16) we do kmew the vroperties of the rod 
on which "v" depends, We can also pick a chans to give as high a value 
of k/c, the only geometric properties involved, as possible, of course 
the limiting value boing k/e sw 1. A solid rod gives k/c of 1/2 and a 
thin tubular cylinder gives k/c of .707. Sines pave, (22) , the 
romaining terms,are equal to 


For alwuminuxz VEO = §2 


For steel VEO 
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Since the ton limit of g for aluminum is about 60,000 pai. yield, 
whereas the limit for steol is over 200,000 pel. for such shapes as 


tubing and close to 300,000 psi. for drawn wire up to about 3/8" 









diameter, the ratio 1 will be higher for steel than aluminum. 

B. As stated in i not kmow the exact valu? of tne numer ical 
constant of equation (16) we do Imow that it has a minimum value of 
1.323 ae given. 

C. In general we can make "n" in equation (9a) higher by using 
a higher L/d ratio. This is really the only way in which the length 
of the rod could effect the limiting velocity. 

D, By reference to consideration number two above, we sce that if 
damping is high, the higher vibrations can be considerably reduced befor 
they reach the first reinforcing condition. Therefore, this indicates 
that 6 material having a high damping ability or if necessary, damping 
material such as rubber can be wrapped eround the rod or better still 


inserted in the center of a tubuler rod if aerodynamic smoothness ia 


required on the outside. 


Leneth of Time That The Momentum ts Arplied; 





In the preceding analysis it has been assumed that the “force” at 
6 constant velocity has besn appiied only for the timo necessary to 
impart the vibrations in the rod. However, if the blow or force acts 
indefinitely at the given velocity there is «= correction to be made. 
This can best be shown by an energy analysis of the aid under tho biow. 
By making use of the energy relation, | 
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wad considering only tho fires: oven mode of vibration, wo ohtain fer 
tne total allowable internal sutrein energy in the system undsr this 


type of bending, 
ans ied au mx 
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But c = from equation (14) 
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By equating internal strain energy to oxternal work done, we can say 

w3%U =F vt where fF * the average force acting dur ing an arbitrary 
time, t. 

Since this same force, F, acts to accelerate the rod about the supported 


end, this acceleration will be given by 
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ime vélocity of ths mean centerline of the rod at tne frdbe@ end dué to 


tniis acceleration ufter tine, t, ebove will be 
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but F t = W/v from above 
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energy due to bending under any number of modes of vibrations. We may 












wiere vas given by equation (15) is the Maximum vibratory velocity 
of the ond of the rod and where the instantaneous vibratory velocity 


® ¥ - 
of the rod is given by y ® v cos (= mt). If the blow acts at a 
i . 


velocity, S, continually, then the algebraic sum of V and § must be 
equal to or greater than S, or V+v> 8, The smallest value of V 
that satisfies this condition is when V = 2yv. 


Equation (15) now becomes 


6678 sx.* g*® k.* 
veg (G) me * 482 CD) FS 
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which is the same form us equation (16) but has a éifferent numerical 





constant and most of the discussion relation thereto concerning higher 
vibrations holds. 

If the velocity of the blow exceeds that as given above for a 
given material the limiting internel strain energy of the rod will be 
exceeded and must be dissapated by damving material if the rod is not 
to take permanent set. 

It is well to consider the maximum possible value of internal strain 
obtain the limit of this by considering every element of length bent to 
the maximm amount in which case 

v=} 4" Sime is CMe: 

O EI é* 5 

It is noped that some correlation may be made petween this material 


and the test results. 
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APPENDIX I 


LOCKH®ED WATOR JET METHOD 


The latest method of measuring the vertical velocity of an aire 
plane when landing wes developed by the Lockheod Aircraft Cornoration 
within the past two or three months. This is the so~oalled "water 
jet” method which consists of a jet of water directed vertically 
downward from a point on the landing gear and a gun canecra mounted 
on the opposite gear which photograns this strewn of water. 

As the plane settles in for a landing tho vertical stream of 
water strikes the rumway and diminishes in length as the gear approaches 
the ground. This diminishing length is photogranhed by tne gun 
camera mounted on the opposite fear. From these pictures a plot is 
made of length vs. time and it is then a simple matter to calclate 
the vertical velocity of ths airplane as it lands. 

Although no written material was available on this method, a 
visual inspection of an actual installation wes allowed and, from 
this, plus discussions with Lockhoed tost personnel, the following 
desoription is presented. 

The system consists essentially of a water tank, pumps, lines 
or tubing, a short length of tubing to produce the stream of water 
and a gun camera. The water is contained in a drum or other suitable 
container, the capacity of wiich varies from 10 to 50 gallons, depond- 
ing upon the number of landings desired to be made before rofilling. 
The device at present averages 5 to 6 gallons of water used per ine 
Stallation per landing. Yrom the drum the water coes through eleo- 
trically driven oumps where the pressure in the line is raised to 
approximately 275 psi; fuel pumps driven by an electric motor have 


been successfully used. From the pump or pumps, the water is carried 
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through three-quarter inch rubber hose to tied landing gear where the 
size is reduced to about one-eighth of an inch by means of a short 
piece of copper tubing. This one-eichth inch stream of water is then 
projected vertically downward fron a point just above the flat tire 
line. «A device such as this is mounted on each component of the 
landing gear; left gear, right gear and aose wheel, It takes from 

3 to 4 seconds to get up pressure in the lines and start the jet of 
water flowing. 

A gun oemera is mounted opposite from each water jet to reoord 
the landing operation, These cemoras are run at various speeds 
depending on the type of landing expected but generally either at 32 
frames per second or et 64 frames per second, The frame spoed of 
the gun caneras was chetked and at 32 frames per second it was found 
to actually be 51.8 frames per second which gives a reasonably high 
degree of accuracy, To further insure accuracy en electrioal timing 
device is used in connection with the camera which has a moving 
pointer that appears in the pictures. Knowing the time tmt the 
pointer appears per second, the frame speed can be checked, 

Although the devioe is new, preliminary landing tests show 
that it is the best and most accurate method used to date, None of 
the reduced data was available to incorporate in this report but 
persoanel at Lockheed seem satisfied with the results so far obtained. 
One undesirable foature of this method is the fact that the data 
cannot be recorded on something like the Miller Oscillograph along 
with other test data but must be recorded separately with the usual 


problems of camcra recording, 
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Figure XV is a photograph takon by the gun canera eas the oluno 


s landing. Figure XVI shows @ schematic drewing of tho installa- 
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